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1SECTION 1
ABSTRACT
A study was conducted to determine the feasibility of fabrI
cating an infrared source for simulating earthshine rad._ation in
a thermal-vacuum chamber. A circular array of sources is required
to simulate both the spectral radiant emittance and the total
energy exchanged between the earth and a test specimen.
A number of high temperature sources were investigated which
use scatter filters to achieve spectral matching. T IUis application
of scatter filtering proved to be unfeasible when an. attempt was
made to incorporate a filter in a practical. optical configuration.
Further study led to a more promising approach. A source is
recommended which uses the emissive properties of heated, infrared
transmitting crystals and appears both technically feasible and
economically practical. A source consisting of 70% Calcium Fluoride,
20% Magnesium Fluoride,and 10% Sapphire heated to 800°K will pro-
duce a source spectrum which limos within the tolerance ban. defined
by the spectral radiances of black bodies operated at 250°K and
300°K in the wavelength region from 4 to 17 microns. Tn addition,
the source's total radiant power output may be matched to the
i
earth's over a range of earth temperatures between 250°K and 300°K
by varying the number of sources in the simulator array.
0
SECTION 2
STUDY OBJECTIVE
The purpose of the study conducted by Barnes Engineering
Company under Contract NAS5-21049 was to determine the feasibility
of fabricating a special infrared source. The required source will.
be
 part of an array of sources to be placed in a 30 foot diameter
thermal-vacuum chamber for simulating earthshine radiation, on large
test objects.
Three advantages of simulating earthshine by means of an array
of sources are:
1. The radiation may be limited to the test specir_n by field
defining masks to avoid excessive radiative loading of the liquid
nitrogen cooled thermal-vacuum chamber, walls.
2. Changes in orbital altitude may be easily simulated by
increasing or decreasing the number of sources on the circum-
ference of the array.
3. Chamber wall area may be conserved for other purposes.
The sources are required to be operated at elevated tempera-
tures and be spectrally filtered to produce a wavelength distri-
bution of energy within the tolerance band defined by the spectral
radiances of black bodies operated at 250 0K and 3500K times a con.,
stant multiplying factor.
Because of the high absorption of spacecraft coatings and
paints at long wavelengths, it is desirable chat the source's
radiant emittance be maintained specularly accurate as far out
in the infrared as possible. A 50% spectral error in simulated
earthshine at 15 microns might just be acceptable. Energy below
4 microns is undesirable.
The sources are also required to have a minimum field-of-view
of 1200 9 a lambertian distri.but.ion, and accomodate interchangeable
2
field defining masks to limit radiated energy to only the test
specimen.
The contract Statement of Work limits the active source area
to 0.111  square feet and requires that each source emit 190 wattsq.	 Q
into 2n steradians before masking. To satisfy this requirement, a
250°K source As required which he an apparent emissivity of 85.7.q	 a	 PP	 y
This specification has served as a design goal to the extent of
both manufacturing nd economic g	
An additional requirement not specified but implied is that
the array of sources also simulate the total energy exchanged be-
tween the earth and a test object over all wavelengths.
i
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SECTION 3
IN'TRODUC?' .ON
The studyt consisted of two parts;, The first part concerned
itself with the investigation of the feaLibil ty of using a low
c.ort scatter filter to produce the required long waveie.ngt.h filter..
ing. This approach.which was originally proposed, upon, further
investigation, did not prove practical due to its poor efficiency
and contrast for wide field-of--vi.e.w applicaLi.on„
The second part of the study was initiated when the scatter
filter concept appeared unfeasible, A study was made of the spec-
tral emissivity properties of common materials at elevated tempera-
tures. It was recognized that the required source could be made
by simply heati.:t; a material that had a low emissivity at short
wavelengths and a high emissivit y.
 at wavelengths beyond 12 microns
A literature search was then made of the published spectral emis-
sivity of metals, paints, and ceramics. During this search it was
recognized that use could be made. of a number of the infrared trans-
mitting crystals. These crystals have low emissivitie3 in the
wavelength band where they transmit, and high ecaissivities at the
long wavelengths where: they absorb. It was further found that a
very accurate spectral inatchi_ng could be achieved by summing the
spectral radiance emittance: of several heated crystals each having
slightly different long wavelength cutoffs and by varying the amount of
exposed surface area of each crystal.
To produce an infrared source with a spectral distribution of
a 2500K blackbody having a spectral radiant emi.ttance greater than
that of a 250 0K blackbody, it is necessary to heat the source to
a temperature higher than 2500K and then filter it to produce
the required 250 0K distribution, The apparent emissivity of such
a source would be greater than unity.
A plot of the ratio of blackbody spectral radiance, for
	 I
several blackbody temperatures, to the spectral radiance of a
2500K blackbody vs wavelength is found in Figure 1.
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The r l t'us plotted represent the maximum effective spectral
emissivity or ,
 radiance multiplier vs wavelength achievable for
several sourcv,e operating temperatures. Because blackbody spectral
radiance at locig wavelengths is proportional to temperature, the
requirement: of having a high effective emissivity source restricts
spectral matching at long wavelengths for practical source tem-
peratures.
Figure 2 is a plot of the error in projected specular radiance
vs wavelength for a 1000°C source and for several chosen values of
effective source emissivity. For example, if an effective emis-
sivity of 48.6 is required from a 1000 0K source ; a 50% emissivity
or specular radiance error will exist at 15 microns. Assuming
ideal filtering, the source will have a :spectral emissivity of.
T
exactly 48.6 at all wavelengths below 1203 microns. The ideal.
filter in this example would have a high at`,:enuation between 0
and 4 microns, and a steadily increasing output from 4 microns to
100% at 12.3 microns.
In addition to spectrally matching the array of high tem-
perature blackbody sources, it is also necessary to simulate the
total radiant power of the earth over all wavelengths. It should
be noted that a flat disc at earth temperature may be used to
simulate the radiation exchange between an orbiting vehicle and
the earth in a thermal-vacuum chamber. For a given orbital
altitude simulation, it is only required that the earth tempera-
ture disc subtend the same solid angle with the test object as
that solid angle subtended by the earth when viewed from orbit.
When an array of sources are used to simulate eart.hshine,
the total simulator radiant power output can be controlled by
varying the density of sources or by their individual active
areas.
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"ro insure a proper energy balance, the integrated-filtered
radiant output of the sources times the sum of their total
active areas must equal th,e radiant output of an earth simu-
lating disc times its area required for a given altitude
simulation„ This balance may b,& expressed as-
cc
nA s
	R(X1T) T (X) d  -- AE(71
J
0
where:	 AS	 sum of active source area
AE	- area of earth simulating disc
R(X IT) - spectr;il radiance of sources
oper,	 J at temperature T
T('&) = filter transmission. or output
Q	 - Boltzmann's constant
T 
	 earth temperature
8
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SECTION 4
SOURCES USING SCATTER FILTERS
The first part of the study concerned itself with the feasi
bility of producing a spectrally filtered high temperature source
by means of scatter filters. A scatter filter is essentially a
uniformly roughened reflective surface. The specular reflectance
of rough surfaces has been found to be 8n increasing function of
wavelength which closely approximates the required spectral filter-
ing. The wavelength region at which the crossover from low to high
specular reflectance occurs is a function of the surface roughness.
The s;:ecular reflectance of rough surfaces has been described in
deta-LI by H. E. Bennet and J. 0. Porter, Journal of the Optical
Society of America, Volume 51 #2, February, 1961.
It	
To determine the feasibility of shaping the spectral emission
tof a high temperature source, four areas were studied:
1.,
1. The actual performance of several practical rough surfaces
to determine their feasibility as reflective infrared filters.
2. The ability to produce a large area, high emissivity source
which could be operated at temperatures in excess of 1000 AK.
3. The availability of a reflective optical system which could
incorporate a scatter filter and project the filtered output of
the large area source into a 120 0 cone,
4. The overall efficiency of the source.
Scatter Filters
The required reflective, scatter filter must have a uniform
surface roughness which can accurately be reproduced and have
the ability to be used as an optical element, such as a rough-
surfaced elliptical mirror. Both these requirements can be met
by producing tough-6urfaced r electing optical elements by electro-
farming. In chic process, a mandrel is machined and uniformly
9
LL v
roughened to serve as a pattern upon which nickel is electro-
chemically d eposited. Using this process, a la rge quantity ofY	 P	 g	 P	 ^	 S q
identical pares can be produced economically.
Garr Precision Products has been manufacturing for several
years, a nickel electro-formed micro-finish comparator gauge.
This gauge accurately reproduces surface finishes from 2 micro
inches rms to 1000 micro inches rms. 	 It was found that a sur-
face roughness in the range of 16 to 32 micro inches is required
to produce the desired filter function.
A micro finish comparator gauge was purchased from Garr
Precision for direct measurement of the specular reflection as
a function of wavelength.
Figure 3 is a plot of the measured specular reflectance of
16, 24, and 32 micro inch rms nickel surfaces.
	
A first surface
aluminum mirror was also measured as a reference standard. 	 These1
measurements show relatively poor contrast if the filter's con-
trast is defined as the ratio of long to short wavelength specular
reflectance.
In an attempt to increase the filter's contrast, gold was
evaporated on the three nickel surfaces.
	
The specular reflectance
of the surfaces was again measured and the results are shown in
Figure 4.
	 The evaporated gold was found to increase the specular
reflectance at all wavelengths between 2 and 15 microns while only
slightly increasing the filter's contrast.
Another attempt was then made to improve filter contrast.
The surface irregularities of ground glass have a greater rms
slope than ground metal surfaces. The greater rms slope was
found by H. E. Bennet to yield lower reflectance at short wave-
Lengths and therefore greater contrast.
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Five graded samples of ground glass surfaces were prepared
using different polishing grits. It was observed that very uniform.
surface roughness could be prepared using any particular grade of
grit. Gold was then evaporated onto the ground glass surfaces,
Figure 5 and 6 shows the results of specular reflectance measure -
ments of a number of the prepared surfaces. The long to short wave-
length reflectance contrast has been improved with the short wave-
length reflectance reduced to Tess than 5%. The contrast between
short and long wavelength reflection for evaporated ,gold on gr.^-1nd
,glass is believed to be about the best obtainable for simple scatter
filters.
The extension of this filtering principle to ruled reflection
or transmission diffraction gratings was not considered practical
either on the basis of cost, or ease in incorporation in an optical
system.
High Temperature Radiators
In order to build a source having a high effective emissivity
using a scatter filter, it is necessary to heat a large-area,
high-emissivity, radiator to temperatures on the order of 10000K.
Two materials were studied for their possible application as
heater elements - carbon and silicon carbide. Carbon was chosen
as the preferable material because of _ts ease of machining and
because it has previously been successfully usea by Barnes in the
manufacture of high temperature blackbodies. The carbon heating
element recommended would consist of a 2 to 4 inch disc with a
spiral pattern machined into it. The spiral pattern increases
the resistance of the element, improves its uniformity, and aids
in electrode attachment.
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Optical Configurations
The scatter filter operates by reflection, It must be used
as a reflective optical element. A number of optical configura-
tions were studied in an attempt to find a method to project the
filtered radiation into a 1'20 0
 cone,
The first configuration studied was an ellipsoidal mirror
which reimaged the carbor, heating element at a field stop. This
configuration is shown in Figure 7.
In the ellipsoid, rays emerging from the heater placed at
one focus F l
 are reflected toward the second focus F 2 without
spherical aberration. The ellipsoid when used as a scatter
filter has the desirable property that nays reflected off
the roughened surface, that pass through the field stop, strike
the mirror at angles close to normal. This property prevents the
loss of filter contrast and shifts in long wavelength reflection
at large angles of incidence. Maximum filter contrast will be
maintained, if the angle of incidence is held within +15 0 of
normal.
It is essential that the image and field stop have the
smallest possible size. This requirement arises from the fact
that for a large field stop, large quantities of unwanted scattered
radiation will be projected from the source. In Figure 6, the
axial ray A strikes the rough surface of the ellipsoidal mirror
at p. The mirror at point p scatters short wavelength radiation
over wide angles while reflecting the long wavelength radiation
along A'.
It should be noted that the field stop diameter is determined
by the magnification of the system. A minimum magnification of
x	
^ .
REFLECTING
FIELD STOP
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Figure 7. 120° FOV INFRARED SOURCE USING ROUGH
SURFACED ELLIPSOIDAL MIRROR
A22670
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unity for this configuration would require that the ellipsoid
become a sphere with the fo.id ,stop at the same location as
the heater. This would,unfortunately, produce 100% obscuration
of the desired energy. The optical magnification must be chosen
to both minimize obscuration and the projection of scattered
radiation. 'The c1lipsoid constructed in Figure 7 has a =igni-
fication cf 1.7 and is 4he ellipsoid having the maximum eccen-
tricity which just accommodates a 120 0 projection field-of-view.
The chief ray B in Figure 7, which passes through the focal plane
at point g, de._ermines the image size and stop diameter, Ray C
which does not pass through point g demonstrates the large coma
associated with ellipsoidal mirror resulting from extended
objects. However, this aberration has the characteristic that all
rays pass within the fi. ,,.d stop. The principle effect of coma is,
therefore, to produce a non--uniform image which is brightest in
its center. This in itself will not prevent the system from
being lambertian.
The large obscuration and acceptance angle for scattered
radiation, however, do present a severe limitation to the dis-
tribution and specular matching of the earth by this source
configuration,
A number of other optical configurations were stucied for
possible application with scatter filters. These included a
conical reflector surrounded by a cylindrical heater, a cylin-
drical rod heater mounted inside a hollow cone, and a spherical
mirror with an off axis heater element. All these alternate
optical configurations either project more scattered radiation
or had greater obscuration that the ellipsoidal system previously
described.
1	 18
In addition to the above mentioned problems, all sources
using a scatter filter have very poor efficiencies Lecause of
the large amounts of scattered short wavelength energy. A
portion of this energy may be recollected by the heater saving
t	 heater power but a sufficient portion will be lost by mirror and
field stop absorption.
At this point in the study it was recognized that alter-
nete approaches for fabricating a source should be explored.
Attention was turned to the possibility of directly utilizing
the emissivity f known materials to achieve the requiredy	 q
spectral matching.
19
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SECTION 5
DIRECTLY HEATED SOUP ',ES
As the problems associated with the scatter filter method
of shaping spectral distribution of a high temperature heating
element became apparent, a search was made for alternate approaches
to solving the problem	 One alternate approach was to use a heated
disc of material having the proper spectral emissivity, to directly
produce the required spectral matching.
Published data is available showing the emissivity variation
with wavelength of a great number of materials, In general term;,
the ideal material would have a low emissivity at wavelengths
shorter than 4u, an increasing emissivity from 4 - 12 microns,
and aeak at 12u ar.d beyond,?
The first group of materials examined were opaque materials
which are reflectiveat short wavelengths and emissive at longer
wavelengths. Included in this group of materials are special
paints, ceramics and flame sprayed ;::eramic coatings. Curves
of the specular emissivity of several materials whose emis-
sivity increases with wavelength are shown in Figures 8, 9 and
1Co
To evaluate materials for directly heated sources, two
short computer programs were generated. The first program cal-
l	 cuiate:i the ratio of W % (250 f'K)/W X (T , the spectral radiant
emittance of a 250 0K blackbody divided by the spectral radiant
emittance from a blackbody at temperature T, for a given valua
of T over a given range of X. For a specific source temperature,
this program allowed the calculation of the required spectral
emissivity as a function of wavelength for proper spectral
matching.
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NORMAL SPECTRAL EMITTANCE OF ZIRCONIUM OXIDE
Compositiun and
Reference	 Investigator Symbol Surface Condition Test Method Femarks
3	 Blau, Marsh, Martin, Zirconia	 (Zr02) Normal	 spectral emittance. Measured	 in air.
Jasperse,	 and Norton RZ 5601 Specimen mounted in wall Data taken fram
Chaffee of cylindrical Globar carves.
Purity:
	
92% Zr02 , (sic)	 'eater.
4.5% CaO Comparison bacitbody hole (Curves drawTn
Surface condition not an heater wall. though 1112 F
given Monochromator and points only.)
O Measured at 1112 F
thermocouple detector.
Yemperatures measured
X Measured at 1877 F with thermocouples.
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13	 Graving and Katz	 Norton Rokide A, white	 Normal total emittarce. 	 Measured in air.
9^,." per cent alumina.	 Resistance—heated strip
Melting p'--)l nt .about	 specimen.	 Data t liter. i rc;m
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Richmond and Stewart A-418	 consis,s	 of	 alkali- Normal	 spectrdi	 emittance. Measured	 in dir.
free barium beryllium Double-beam infrared Data taken from
silicate	 frit	 with spectrometer with table.
addition of
	
chromic sodium chloride prism.
y oxide. Secondary standard
Coating	 thickness	 2 mils. [silicon carbide
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	 The results of a typical calculation are shown in Figure 11,
a plot of the spectral emissivity of 1000°K blackbody required
to match the spectrum of a 250°K source. This curve has been
normalized to 20 microns. An attempt to improve spectral match
at long wavelengths very rapidly reduces the effective source
emissivity (radiance multiplier) and total power output.
The second program, when given emissivity values as a func-
tion of wavelength and of temperature of a particular material,
calculated both the spectral radiant emittance and the total
integrated radiant emittance over all wavelengths. After a
material or a group of materials was chosen, the calculated
radiant emittance versus wavelength was plotted.
At this point it should be noted that a 250°K blackbody emits
_	 less than 0.04% of its total power at wavelengths shorter than 4
microns. This power can be considered negligible for the purposes
of simulation, therefore, accurate spectral matching below 4P	 g
microns is not necessary. The significant requirement is that
 the total radiant power in this region be negligible when  comparedP
to the total simulator output. As an example, the spectral radiant
emittance was calculated for a typical member of the ceramic group,
zerconium oxide, at 1000°K using the emissivity data in Figure 8.
_	 The results of this calculation shows that about 40% of the radiant
output is emitted in the spectral region from 1 to 4 microns.
Examination of the results of this and similar calculations
indicated that at source . emperatures necessary to produce a
reasonably high Effective emissivity,t
	 ag 	 he ttenuation necessary
in the short wavelength region was much greater than that
achievable b they	 low emissivities of materials examined up
to this point.
It was found 
	 °hat a 1000 K source is required to have an
emissivity of 1 percent in the 1 to 4 micron region in order to
24
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Figure 11, THE SPECTRAL EMISSIVITY OF A 1000°K SOURCE REQUIRED
TO MATCH A 250° K BLACKBODY
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1limit the radiant emission in this region to 5 percent cf the total
spectrally matched radiant. output. A 1400°K source having an emis-,
sivity of 1 percent in the 1 - 4 micron region will emit approx-
imately 15 percent in this region. 'These examples demonstrate the
very rapid increase in short wavelength radiated power with tem-
perature.
In addition to excessive energy in the 1 to 4 micron, all the
members of the ceramic group change from low to high emissivity
at; too short s wavelength to provide good simulation of a 250°
to 350°K earth.
For opaque materials, only metals exhibit low emissivi:ties
(less than .05) in the 1 to 4 micron region. This is a result
of their high reflectivity in this region. Unfortunately, most
metals become more highly reflective at longer wavelengths.
The results of the above considerations led to the re-
jection of directly heated opaque materials or coatings for
accurate earthshine simulation. A more promising possibility
was ulcovered upon examination of a number of infrared trans-
mitting materials.
Sources Usi •• p, Heated Infrared Transmitting; Materials
The next step taken in the search for directly heated
material which could be used for sources was to consider infrared
transmitting materials.
_	 For infrared transmitting materials, the relation between
their reflectivity, absorption and transmission is-,
where: ^o(^) = specular reflectivity
_	 o((^) = specular absorption
T(k) = specular transmission
Since the absorption of a mAterial is equivalent to the
materials emissivity E(k) = 1 P ,^) - T(X)
25
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The above equations show that in the region where a material
transmits, absorption is low and trzinsmission is limited only by
reflect{.on losses. For this condition the material's emissivity
will be low.	 It also follows that Ll an infrared transmitting
material's region of transmission cutoff the emissivity will
approach unite.,
Examination of infrared transmitting crystals indicated that
a number of crystals exhibited the emissivity properties required,
The material which appeared to have the best combination of de-
sired physical and optical properties was Calcium Fluoride,
Figure 12 is a plot of the spectral radiant emittance of a 2mm
t.-i.ck piece of Calcium Fluoride heated to 1400 0K. Also plotted
for comparison is the spectral radiant emittance of a 2500K
blackbody. Both curves are normalized to their peak amplitude.
1400 0K was chosen as the upper limit to which it would be possible
to heat Calcium Fluoride, It will be noticed that both curves
peek at about the same wavelength, but Calcium Fluoride falls
off more rapidly at both ionger and shorter wav lengths,
The long-wavelength mismatch cannot be iiiiproved since be-
yond 13 microns Calcium Fluoride is completely opaque and has an
emissivity close to unity. At short wavelengths it is possible
to make improvements by utilizing the property that Calcium
Fluoride's long-wavelength absor pt ion cutoff is a function of
its thickness (see Figure 13). If in addition to the 2mm element
0": C_q l.c i.um Fluoride a thicker piece is heated, an additional
contribution will be made to the short-wavelength raoiated power.
Figure 14 shows the spectral radiant emittance of a 1400 0K source
consisting; of an element of 2mm thick Calcium Fluoride making up
80% of the source's surface area and a 50mm thick element making
up the remaining 20% of the surface area. As can be seen, the
match has been greatly improved in the region between 8 and 11
'
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microns, but is still po-or between 4 and 7 microns. The fact that
there is virtually no energy between 4 and 6 microns is due to the
high transmission of the Calcium Fluoride in this region.
It is possible to further improve the spectral match between
4 and 7 microns if a third element is employed, made from a material
having a lower long-wavelength cutoff such as Sapphire.
Figure 15 is a plot of the spectral radiant emittance of a
14000K source whose surface area consists of 75% of 2mm thick Calcium
Fluoride, 20% of 50mm thick Calcium Fluoride,and 5% of 1.5mm thick
Sapphire. This three-element source makes a good spectral match at
short wavelengths to a 250 0K blackbody. This same output is plotted
in a slightly different manner in Figure 16.
In Figure 16 the spectral radiant emittance of this 14000K
source is compared to that of 250 0K and a 3500K blackbody. The
sources output from 4 to 20 microns falls between the 250 0K and
3500K blackbody curvEs. In this region the total radiant emittance
of this source is 55 times greater than that of a 250 0K blackbody
of equal area.
While the source operating temperature in the above example
appears to be optimistically high, this technique of producing
an earth simulating source is gar more promising than any of the
alternate approaches studied. By choosing
	
properthe
	
material and
a practical operating temperature, it should be possible to produce
a source which approximates the output of the earth between the
limits of 2500 and 3500K with total radiant power output sub-
stantially greater than a source at earth temperature.
This type of source has a major advantage over methods using
filters and a uniform high emissivity emitter to produce a similarg	 y	 P
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a 14000K source spectrally shaped (using filters or a scatter plate)
tc match a 250°K spectral distribution, has an efficiency less than
4%. This means for every 1.00 watts of projected radiant power,
2400 watts of short-wavelength radiation must be either absorbed
or blocked. The efficiency of a "Calcium Fluoride" source on the
other hand is estimated to be greater than 50%. The major losses
arise primarily from inefficiencies in heating the Calcium Fluoride.
If a more practical source operating temperature of 800°K is
chosen, an option is available as to whether a 2 or 3 element source
is used. Fissure 17 is a plot of the s pectral radiant emittance
of three Calcium Fluoride sources each having a second 10% element
of 1.5mm Sapphire. The thickness of the Calcium Fluoride element
was varied from 2 to 50 millimeters. As expected, the long-wavelength
peak shifts to shorter wavelengths with increasing Calcium Fluoride
thickness. All three sources have some mismatch at wavelengths
just below the source's peak response. While the responses of a
two-element source shown in Figure 17 are considered typical, they
are not necessarily the most optimum two-element combination.
A more perfect match may easily be achieved from a three--
element 800°K source. Figure 18 is a plot of the spectral emit-
tance radiant of a source whose surface area contains 70% of 2mm
thick Calcium Fluoride, 20% of 2mm thick Magnesium , luoride and
10% of 15mm Sapphire. This 800°K three-element systerr will have
a total radiant emittance of .334 watts per cm 2 . This output is
15 times total radiant emittance of a 250°K blackbody.
If in addition to having the proper spectral match, it is
desired that an array of sources simulate the total power ex-
changed between the earth and a test object, only 1/15 of the
radiating area of an earth temperature disc is required.
Figure 19 is a plot of the specular radiant emittance of an
800°K three-element source compared to the radiant outputs of a
I	 34
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250°K and 300°K blackbody. This source allows the 350°K upper
tolerance limit to be reduced to 3000K. The narrower limits of
300°K and 2500K more closely bind the effective blackbody tem_.
perature of the earth over all wavelengths. In this illustration
the amplitude of the 800°K source was chosen so that the integral
of the source's spectral radiant emittance is exactly 1/15 of that
for a 250°K blackbody over all wavelengths. This results in: an
effective source emissivity or radiance multiplier of 15. Linder
these conditions, the curve of the simulator's radiant emittance
output lies between the curves plotted for a 250°K and 300°1C
blackbody; out to 17 microns. The simulator output plotted in
Figure 19 also represents the output of an array of simulators if
the simulator density is arranged so that the total power out is
exactly equal to a 250°K earth in a thermal-vacuum chamber.
Methods of Heating Transm.tti S Ma terials
Having established a method of which earth radiation may be
simulated, it is now necessary to determine whether the proposed
method is both practical and economically feasible. The first
question to be answered is how to heat the infrared transmitting
crystalline materials.
The method of placing the required materials directly in
contact with a heated surface has several drawbacks. First, in
a vacuum environment it is very difficult to obtain a good thermal
contact mechanically. The second problem results from the fact
that the heater will be visible through the infrared transmitting
material. Therefore, the heater itself will contribute to radiated
energy. It is possible to reduce the amount of energy radiated by
the heated surface by making the surface highly reflective
(reducing its emissivity). If the surface is both polished and
1	 38
gold plated, the emissivity could be reduced to approximately
3%, providing the surface is kept smooth., clean and scratch free.
The results of including the emission from a gold--urfaced con-
tact heater in the output of an 800 0K three--element simulator is
shown in Figure 20 Shown for comparison is an ideal simulator's
output without a visible heating surface. The gold surface adds
a large amount of radiation in the 1 to 4 micron region due to
its non-perfect reflectivity. To reduce the, amount of unwanted
radiation it is necessary to reduce the area of the metallic
heating surface. One practical way of doing this is to pass
current through a metallic pattern vacuum-deposited on the
element. A typical pattern, shown in Figure 21, can be constructed
to cover less than 10% of the area being heated.
It is desirable that the emissivity of the electrode material
be low, but its thin film resistance be reasonably high. A
material which has thesero erties is rhodium. Usin g the heaterP P	 8
pattern shown in Figure 21 with a deposition thickness of .5
microns and a trace width of 1 mm the estimated resistance of
the element will be 50 ohms at room temperature. This resistance
will increase to over 100 ohms at 800 0K. These resistance values
are high enough to allow the construction of power supplies of
'practical  size and efficiency.
1	 39
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Figure 20 THE EFFECT OFA SOLID GOLD-SURFACED CONTACT HEATER
ON AN 800°K SOURCE OUTPUT
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SECT IOt 6
SOURCE C"P^STRUCTION
r
	
	
Each crysta., line element will be heated by means of , vacuum-
deposited heating element described in Section 5. A complete
source will consist of a group of 2 or 3 heated elements.
There are a number of ways by which these elements may be
housed. Cone design possibility cons i sts cif.lacin all the re .,P	 g
quired mater'.als in a single housing,, Individual elements may be
placed side by side or in a !^tackn
A second possibility is to make a separate housing for each
material used. Economy ould be realized b maki ng the housingY	 Y	 g	 g
for each material identical in size. The proper total spectral
'	 distribution can be obtained by having a different number of
sources of each mater{-I distributed throughout_ the array. In
aiven array,
	 number of souA-ces of one type would correspondg	 Y^	 YP	 P
to the percent material surface area required in an individual
,
^.	 source containing two or three elements.
An important consideration in any of the above arrangements
is to design a mounting nd housi ng which have a minimu of thermalg	 g	 m.
conduction and radiation losses, This might be accomplished using
the source configuration oho n in Figure
	 a	 ag	 w	 ^ g 	 ^?.,	 drawing of	 two-
element stacked source. The principle of construction, if required,
could easily be extended to housing a stack of three heated elements.
The two heated elements are supported from a common base
late bp	 y means of a cera ►no-plastic mica. At 800 °K the estimated
conduction loss is 10 watts,
Behind each crystalling element are mounted gold-plated,
spun-aluminum reflectors. As described in Section 5, these
reflectors serve to reduce radiation losses. To limit self,
emission from the reflectors, they are heat sunk to the base
42
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fplate by means of thermal grease. Both the base plate and the
outer housing are cooled by the circulation of a liquid coolant
such as, liquid nitrogen. The heater elements deposited on the
crystalline materials are powered through welded leads a;d a
right-angle booted connector.
An advantage of the construction shown in Figure 22 is that
the internal structure may be easily removed from the outer housing
by loosening screws in the common base plate.
The estimated efficiency of this two-element unit is on the
order of 70 percent, fov an operating temperature of 800°K.
After detailed design and material measurements, the opera-
ling temperature of the source may possibly be increased to
obtain a higher effective emissivity. 	 If this is the case, the
source efficiency is expected to decrease. 	 For operating tem-
peratures in	 the range of 1700°K tv 1400 0K the efficiency will
be	 30	 50	 limiting factor inapproximately	 to	 percent.	 One
achieving h ig h
	
efficiencies for temperatures in excess of
°K800is the availability of convenient materials having low
thermal conductivities.
I
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SECTION 7
CONLLUS IONS
After examining several possible methods for producing a
special infrared source for simulating earthshine radiation, a
method was discovered which appears feasible on both the basis
of existing technology and practical economy.
A source containing two or three infrared transmitting
elements, heated to 8000K, will have a radiant power output which
falls within the tolerance bands defined by the spectral emit-
tances of blackbodies operated at 250 0K and 3000K in the wave-
length region between 4 and 17 microns. In addition, the
source's total radiant output may be matched to the earth's over
a range of earth temperatures between 2500K and 3000K.
The sources described may easily be incorporated in an array
to simulate earthshine in a thermal-vacuum chamber. Each source
has a minimum field-of-view of 120 0 , a lambertian distribution,
and can accommodate interchangeable field masks.
In the 4 to 17 micron region the source's spectral match
exceeds the desired match specified in the contrast scope-of-work.
This requirement specified that the source's output spectrum be
within the tolerance band defined by a 2500K and a 3500K black-
body. The results predicted for the recommended source are
particularly encouraging when it is recognized that the appa7.:ent
temperature of the earth over most wavelengths lies between 2500K
and 3000K. In addition, the difference in radiant emittance be-
tween a 350 0K and 3000K blackbody is approximately twice that
between a 300 0K and a 2500K
 blackbody. It follows that, by
achieving n maximum output tolerance less than 300 0K, a much
better spectraL and total energy match to the earth may be
obtained.
+5
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The maximum radiant emittance for a typical 800°K source
was found to be .334 watts/cm2 . If the maximum specified active
area of the source is used (.111 ft. 2 or 103,2 cm2) the total
source output will be 34.5 watts into a hemisphere (2n steradians).
Unfortunately this output is cc.:siderably less than the 190 watts
specified.
A total output greater than 34.5 watts for a source oper-
Iting at temperatures higher than 800°K. cannot be accurately
determined at this time. Some improvement can be expected after
a detailed design and materials measurement program. At present
the operation to temperatures up to 1400°K is limited primarily
by the uncertainty in the optical properties of Calcium Fluoride,
and Sapphire at these temperatures.
-
	
	 The recommended sources are considerably smaller and less
complicated than those envisioned at the beginning of the study.
Should 800°K tur.L out to he the s lurce's operational temperatureP	 P
limit, the requirement that a larger number of sources are needed
may be offset b their simplicity and the resultant- cost	 s.saviny	 Y	 P	 Y	 g
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SECT I M 8
RECCMME NDAT IONS FOR FUTURE WORK
This report establishes the feasibility of fabricating an
earth simulating source. The next step required to be taken in
the development of a practical source is to quantitatively eval-
uate a number of the possible infrared transmitting materials.
For this purpose it is recommended that a two element prototype
source be fabricated and tested
The prototype source could be designed for a nominal operating
temperature of 800°K, but would also serve to evaluate spectral
matching for operating temperatures up to 1400 oK.
Once the neater-element art work and deposition mask6 are
completed, the cost of evaluating different materials would be
relatively inexpensive.
At present there is only limited published information avail-
able on the optical properties of infrared transmitting material
heated to temperature in excess of 800°K, As a result, particular
emphasis would ':)e placed on determining the spectral emissivity
of candidate materials at high temperatures. It shoe , be noted
that any increase in operatint rs, temperature above 8000K will
rapLdly increase the source's apparent emisE ivry ty, reduc the
number of elements required in the earth-simulating array, and
improve the source's long-wavelength spectral match.
The rrojected costs for a single prototype source or a com-.	 I
plete array appear to be well within reason, The most expensive
component: are the infrared transmitting crystals. In small
quantities a 2mm thick, 4-inch diameter disc of Calcium Fluoride
i
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has been quoted at less than $100.
The duration of a prototype fabrication and measurement
program is estimated at five to six months.
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